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vABSTRACT
Air-conditioning system is important in nowadays life style due to it is capable to 
maintain the level of life in comfort level. Due to its functions, which are to maintain 
the temperature in the room, also to control the cleanness in room, air-conditioner is 
among the popular device that been use around the world. It’s having been use widely in 
houses, office rooms, supermarkets and cars. This thesis represents the analysis of air-
conditioning system in Waja car, which is common car use by Malaysian. The objective 
of this thesis is to analysis the relationship of performance of air-conditioning system 
and speed of compressor with period of time.  The thesis describes the fundamental of 
air-conditioning system, the way the system works and briefly explanation of each 
component involved in air-conditioning system. The experiment procedures are 
explained to obtain the important parameters and data. Finally, manual calculation is 
used to calculate the coefficient of performance of the system. The acquired results 
indicate the performance is decrease due to higher speed of compressor and the longer 
the system running. The obtained results show the performance decrease slightly in low 
speed of compressor compared than in high sped of compressor. The results concluded 
that the system at the unsteady state in low speed of compressor and it is become steady 
state at high speed of compressor. However the experiment is done with no velocity of 
winds outside the system. The results maybe change if the car is moving in high speed 
because the winds can help in heat transfer in condenser. The results can significantly
reduce the cost of fuel when the car in standstill state.
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ABSTRAK
Sistem penyaman udara adalah sangat penting di dalam kehidupan sekarang
kerana keupayaannya untuk mengekalkan tahap keselesaan sekeliling. Fungsinya ialah 
untik mengekalkan tahap suhu di dalam sesebuah bilik, juga untuk mengawal 
kebersihan telah menjadi terkenal diseluruh dunia. Ia digunakan secara meluas, di dalam 
rumah, bilik pejabat, pusat membeli-belah dan kereta. Tesis ini menerangkan analisis 
terhadap sistem penyaman udara kereta Waja yang biasa digunakan oleh penduduk 
Malaysia. Objektif tesis ini ialah untuk menganalisis hubungan prestasi sistem terhadap 
kelajuan kompresor dalam tempoh tertentu. Tesis in menerangkan serba sedikit tentang 
sistem penyaman udara, cara sistem in berfungsi dan penerangan ringan tentang 
komponen-komponen yang terlibat di dalam sistem penyaman udara. Aturan 
eksperimen diterangkan untuk mencari parameter dan data yang penting. Akhir sekali, 
pengiraan manual digunakan untuk mencari prestasi sistem tersebut. Keputusan didapati 
bahawa prestasi merudum dengan peningkatan kelajuan pemampat and semakin lama 
sistem in berfungsi. Keputusan yang diperolehi menunjukkan prestasi menurun secara 
perlahan ketika kelajuan pemampat rendah berbanding kelajuan pemampat tinggi.
Keputusan dapat diringkaskan bahwa sistem berada di dalam kedaan tidak serata ketika 
kelajuan pemampat rendah dan berubah menjadi keadaan serata ketika kelajuan 
pemampat tiggi. Tetapi, eksperiment dijalankan tanpa kelajuan angin di luar sistem. 
Keputusan akan berubah sekiranya kereta bergerak dengan kelajuan tinggi kerana 
pergerakan angin akan membantu di dalam perpindahan haba di condenser. Keputusan 
juga berupaya untuk mengurangkan penggunaan minyak kereta ketika kereta berada di 
dalam keadaan tidak bergerak.
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CHAPTER 1
INTRODUCTION
1.1. PROJECT BACKGROUND
Analysis performance of car air-conditioning system involved the experiment on 
the system with measuring the coefficient of performance. The experiment will be done 
by taking the reading of temperature and pressure of certain place in air-conditioning 
system inside the engine. The data taken are used in manual calculation to calculate the 
system’s performance. The coefficient of performance, heat absorbs within evaporator 
and work done by compressor are measured and analyzed with the variation of 
compressor speed and period of time.
The principal of air-conditioner are studied, which involve the fundamental of the 
air-conditioning system and review briefly about the components of the car air-
conditioner. The review of the principal will help to understand the system’s cycle.
Focuses on the project that was held at Mechanical Engineering Lab in University 
Malaysia Pahang (UMP), the analysis for Waja car air-conditioning system will be 
studied. Generally, the functions of air-conditioner are:
i. Temperature control
Air-conditioner control the temperature inside passenger compartment by 
adjusting the measurement device, according to passenger needs.
2ii. Air circulation control
Air-conditioner will absorb air inside passenger compartment, filter it and 
blow back inside passenger compartment. 
iii. Humidity control
Air-conditioner control the humidity inside passenger compartment to 
make sure humidity level is in comfort state.
iv. Air purification
Air-conditioner filter air, form dust and bacteria, either from passenger 
compartment or outside car before it is blow back inside passenger 
compartment.
1.2. PROBLEM STATEMENT
Performance of the air-conditioning system can be described as to define the 
efficiency of the system. High efficiency of the system acquired low in power 
consumption but high in its performance. For air-conditioner, high performance can be 
achieved when compressor consumes a low power but evaporator can absorb more heat 
from passenger compartment.
Important data to measure the system’s performance are temperature, pressure, 
total flow rate and humidity for every component. All of this data are used to completes 
the calculation to determined the system’s performance, either in manual calculation or 
computerize calculation.
1.3. OBJECTIVES OF PROJECT
The objective of the project is to analyze the relationship between performance of 
air-conditioning system and speed of compressor by manipulates the variable of 
compressor speed trough time.
31.4. SCOPE OF PROJECT
The scopes of this project are:
i. Study the fundamental of air-conditioning system
ii. Review the important device that related to the experiment
iii. To analyze heat transfer, Q, work done, W, and Coefficient of 
performance, COP of air-conditioner
CHAPTER 2
LITERATURE REVIEW
2.1 INTRODUCTION
Nowadays, air-conditioner is used widely around the world for multipurpose use 
either for cooling function or for controlling humidity and hygiene of the environment. 
There are three main principles of air-conditioner, which are:
i. Cooling load
ii. Compression heating
iii. Expansion cooling
2.1.1 Cooling load
Cooling load describes the removal heat, which is the purpose of air-conditioners 
and evaporative coolers. Heat must be move to a cooler location in order to handle 
cooling load. Mechanical refrigeration or air-conditioner uses the gas to absorb and 
move heat from evaporator to the condenser and sends the liquid back to evaporator to 
boil again and absorb more heat. It requires energy to drive the compressor for this 
process to occur.
2.1.2 Compression heating
When gas is been compress into higher pressure, it also increase the temperature 
of the gas. Raising the pressure increase the gas temperature to a point above the 
ambient temperature. Air-conditioner use compressor to raise the pressure of the 
5refrigerant that has boiled in the evaporator. Raising the temperature of the refrigerant 
allows the required heat flow from the refrigerant to ambient air, this removal of heat 
causes the change of state to liquid. Condenser has removed all of the heat that was 
absorbed on the evaporator, and recycles the gas back into liquid.
2.1.3 Expansion cooling
Expanding a volume of gas spreads out the heat energy over a larger area and 
lowers its temperature. Refrigerant enters expansion valve as a gas, and the gas expand 
thus the temperature and pressure are decrease. The cooler refrigerants absorbed heat 
from the passenger compartment as it expanded.
2.2 FUNDAMENTAL OF AIR-CONDITIONING SYSTEM
Basically, air-conditioner is a type of refrigerator without the insulted box. Figure 
2.1 show the basic of air-conditioner. There are four main components to complete the 
air-conditioning system, which are:
i. Compressor
ii. Condenser
iii. Expansion valve
iv. Evaporator
Function of compressor is to increase the temperature and pressure of refrigerant 
before it enters the condenser. Condenser removes heat from refrigerant to outside air. 
Expansion valve expand the refrigerant to decrease it temperature and pressure. 
Evaporator absorbs heat from passenger compartment. All this components are working 
together with R-134a as a liquid refrigerant. The detail of the component will be 
discussed on Section 2.4.
6The system’s cycle begin when the refrigerant enters the compressor. At this stage 
refrigerant is in gas form. In the compressor, refrigerant will be compressed causing it to 
become hot and high in pressure. The hot gas then runs through a set of coils, the red 
part as shown in figure 2.1. The fans help the hot gas to release its heat and the hot gas 
condense into liquid.
The liquid refrigerant then enters the expansion valve. Inside the expansion valve, 
refrigerant will be expand, thus the temperature and pressure will be drop suddenly. The 
low temperature, low pressure liquid refrigerant will flow through the evaporator. As 
shown by the blue part as shown in figure 2.1, and absorb heat and cool down the air 
inside the cool space. At this time, the refrigerant slowly become gas, and flow back to 
the compressor.
A – Expansion Valve
B – Compressor
Figure 2.1: Basic air-conditioner
2.2.1 Refrigeration cycle
Air-conditioning system is typically similar to refrigeration system. 
refrigeration system consists
condenser, expansion valve and evaporator as shown in 
Figure 2.2
Based on Figure 2.2, Q
space at temperature TL, Q
environment at temperature T
and QH represent magnitudes and thus are positive quantities. 
The efficiency of a refri
performance (COP), denoted by COP
(QL) from refrigerated space. The COP
of four main components, which are compressor, 
figure 2.2.
: Basic components of a refrigeration system
L is the magnitude of the heat rejected from the refrigerated
H is the magnitude of the heat rejected to the warm 
H and Wnet.in is the net work input to the refrigerator. Q
gerator is expressed in terms of the coefficient of 
R. The objective of a refrigerator is to remove heat 
R can be expressed as
7
Simple
L
(2.1)
8The conservation of energy principal for a cyclic device requires that
௡ܹ௘௧.௜௡=  ுܳ −  ௅ܳ   (2.2)
Then the COP relation becomes
ܥܱோܲ=  ொಽொಹି ொಽ=  ଵொಹ ொಽ⁄ ି ଵ                (2.3)
The value of COPR can be greater than unity, which is the amount of heat 
removed from the refrigerated space can be greater than the amount of work input. A 
reason for expressing the efficiency of a refrigerator by another term is the desire to 
avoid the oddity of having efficiencies greater than unity.
The vapor-compression refrigeration cycle is the most widely use cycle for 
refrigerators and air-conditioning systems. Based on figure 2.2, we can say it consist of 
four processes:
1-2 Isentropic compression in compressor
2-3 Constant-pressure heat rejection in a condenser
3-4 Throttling in an expansion device
4-1 Constant-pressure heat absorption in an evaporator
Figure 2.3 shows the T
cycle. The refrigerant ente
compressed isentropically to the condenser pressure. The temperature of the refrigerant 
increase during the isentropic compression process to well above the temperature of the 
surrounding medium.
The refrigerant then enters the condenser as superheated vapor at state 2 and 
leaves as saturated liquid at state 3, as result of heat rejection to the surrounding. 
temperature of the refrigerant at this state is still above the temperature of the 
surroundings.
The saturated liquid refrigerant at state 3 is throttled to the evaporator pressure by 
passing it through an expansion valve. The temperature of the refri
the temperature of the refrigerated space during this process. The refrigerant enters the 
evaporator at state 4 as a low
absorbing heat from the refrigerated space. The refrigera
saturated vapor and reenters the compressor, completing the cycle
Figure 2.3: T-s diagram fir the ideal vapor
-s diagram for the ideal vapor-compression refrigeration 
rs the compressor at sate 1 as saturated vapor and is 
gerant drops below 
-quality saturated mixture, and it completely evaporates by 
nt leaves the evaporator as 
.
-compression refrigeration cycle
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2.3 CAR AIR-CONDITIONING SYSTEM
Car air-conditioner consists of five main components. All of this components 
located inside the engine, except for the evaporator which located under dashboard, boot 
or duel installation. Five main components are:
i. Compressor
ii. Condenser
iii. Receiver drier
iv. Expansion valve
v. Evaporator
The air-conditioning and ventilation system can be classification by zone. A zone 
is an area of the internal space of the vehicle that can be cooled to a specific temperature. 
A driver and passenger can controls to adjust their temperature and ventilation rate at 
their personal space. Systems that have more than one zone are generally electronic 
controlled. 
i. Dash air-conditioning system
Installed under the dashboard with one single zone which is the interior space, as 
shown in figure 2.4. The dashboard type has the benefit of forcing cold air to the 
occupants enabling cooling effect to be felt to a much greater degree that the system’s 
capacity to cool the entire space.
Figure 2.4: Dashboard installed air-conditioning system
11
ii. Boot air-conditioning system
Installed in the boot which has a large space available for the cooling units, as 
shown in figure 2.5. The outlets are positioned at the back of the rear seat. Negative 
aspects of this design include loss of boot space and cool air streams flowing from rear 
of the vehicle.
Figure 2.5: Boot installed single zone air-conditioning system
iii. Dual air-conditioning system
Generally installed at the front of the vehicle under the dashboard and extend to 
the rear, as shown in figure 2.6. Dual systems can include up to three zones, driver, 
front passenger and the rear passengers. All zones have set of air-conditioning controls 
to select the desired level of comfort. This system is common on high specification 
vehicles and MPVs (Multi Purpose Vehicles) – vehicles with high capacity.
Figure 2.6: Dual zone dashboard installed air-conditioning system
